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(54) INTAKE AIR CONTROLLER OF ENGINE WITH SUPERCHARGER 
(57)Abstract 

PURPOSE: To improve startabitity and high output of an engine for 
which a mirror cycle is employed without deterirating fiiet 
consumption or enough engine brake force can be obtained. 
CONSTITUTION: An intake air controller of an engine with a 
supercharger is provided with a volume variable type 
turbosupercharger arranged in the intake air passage 9 of an engine 
1. a. mechanical type supercharger 26 arranged downstream from 
the turbosupercharger and. attachably/ detachably connected to a 
driving shaft 28 via a clutch 30, an intake air variable mechanism 
capable of varying an intake timing, operational condition detection 
means 31, 32, 33 for detecting an operational condition of the 
engine 1 . and a control means 24 for controlling the volume of a 
turbosupercharger 13. detachment/attachment of the clutch 30 and 
the intake air timing of the intake air variable mechanism. 
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tx>v>o«^fflj9gM$tlft-r^c:tf;:*^. 
[«^] x>x> 1 0)®^®^ 9 {cES$n-5§S^ 

aoi^««ci. C2. :j^>i^><Dm^^m^mm'r^ 

Settjg«^ffi*g:3 1. 3 2, 3 3, ^-^s^M^mi 3 

(OSS. i7 7*v^3 ooo^ttRrXK^pj^sisic 1, c 
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I 

«««m^'f5>y«:»lfl-r*$llffll#at*«^fcc:<!: 10 

IH»sa^:«^m■r^)lHleft•t>t^, ±ex>-:^><D^?5=£ 
«iiB-riAjs-fe>i}-. Rr;±Ex>j;>o?&ai*sffi* 
ftai-r5ss-tr>-9-*§*. ±ffiMW#ett±i2x>-:7 

im-^ms] x>-x>©®^ii?stcB^$n»^:«xi- 

Hit ^7 ^ -y 5^S::ft-LT«S«nItgtrSte*nSSI«iCjgiK 

±i2x>i?>coilfe«CSIS:«fetBf5jHE<*t!i«l 30 

s^'-Ji^isistiioggsa/jx (sgBi^ii©^'-4<jit& 

WoyX/Wffiasg/h) it. EL-:>±!Z!7^y^it6m 40 

»tr^.jat&w##x>i;>o®a$jWgs, 
*(o«iHii 1 «7bs^ 3 miz^nomii^mMtx >->•> 

(S*^5] ±IB®^pI^ffi«}6«, ±iSx>x>a>«K)* 50 
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«ft $x >->• XDKgiHWgS. 

6 ] ±l2»ft Blg«l«IA^ ±SX > V >(7)tii:»j 

#x >5;>©!Ra»jfiPSfi. 

7 1 ±E(Sl:ffl$d J: 0 «lric * 

>rE«oi8ie«f>t*x>-;j>o«^ffl|iSB. 

[a««8i ±E«st5i8:iiifl}*t. ±Ex>-:;>©ai* 

|SIKfl#±tS<r)±EKa#-h{c»:lte.n±EtB:^ 
ttir J: 0 @(ESnT±Eft§t*- h &iBfflt-% a-^' IJ 
-A-;i':/i:. ±Ex>v'>(Dai:fj||t±En-^' "J -A 

^i'E«®7a«&«##x>v'>ro«^ia!asB. , 

[0 0 0 1] 

T, Hi:'7«ac#€:0n2.<t5lrUfcj§ite«#$x>-:/> 
[0 0 0 2] 

<0jietti6SiSi±$-e-^)feJi>icttSffi^fk*j£>Et)« 
0. ^-roiB. *i:!i!»agft:*02>ijia»ofiT%*B 

<. -td-C. »SCg«r«;ASCtai<afettl8*|Sl±$ 

L*^ u cn 6i&is«sttm:fj7 -y yoj^THW^it?** 
A<. 5§ji^oh;Wi;:T:£&y:x>-:^>:/u-+^:FSt 

G^lCttjBj^SSKAtiaSfc±#LS< . ii«ttBEttJt 
x>i?><SJ5i«K%-cc^rt:i§tt$it{ft-3-5 
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m9i(nmia^mt'p-rt,\ -^^it. wxtf. #b¥2 - iiirt^m. «ttii»&«*^x>v>iHHtoi«-c«Effl lt 

1 1 96 2 l^j£ffit:ii*$*a5i^|-. SS^J^«« tiiOT. «5»C0ftT^ia^-?>TU. St. ^fflB86 1 

SiSJ&KSrffl l>T<6@e»# C01iiilt=£ii5«)T%jt1t Srtt - 1 0 6 9 2 0 ^'£i^mfWmm 61-106918^ 

[0 0 0 31 tCl^T. X>v>©®gaK{cT5EjSO -fr. Ift«l^©ai«&@5c: t7»J-C#.57!)t. CiaeHj§l& 

v-^^^mm^tvz\.^^, cros^-iJ-'f i'^i'Sra [0 0 0 6] Hi%, ii«(Dx>i?>yu-:^«*jrx> 

'J-AVI.y(OBI^?ll#«B=£»ffS*<bCtJcJ:OX>v> t. ^0:^U-=^*<D;fc*S«»maiC±oTS*Wir 

to 0 0 41 mfJd^ *#liaa6 1 - 1 0 6 9 2 O^Cft #x>i?>©!»^iHSISB«:*l»-r5>i<h{C<fe-5. *5B 

®fctt«:»fT^eS:fr LT^7 ^>i7tt<0 1 / 2 (TiWRM ass*!H+#x>-:;>co«gi6iwsBss«r?. ttrft 
KTffiftSli-, Mf'. SHIlHlKfwSH^SnST^^iX 

-^'<0«B^CJ:-pT^lT¥g:A«^'-f 5>i/n;py<D|HHS [0 0 0 71 

tt«:^5>i'Wfll©ft^{fcH*tLTfflW«tC^fi'S-ti-2) 30 [aa€:j|?ft-r2>)S:i&05^ei ±izg©BW*^«-r5fc 

iC^ffS-B-T. ^#A5^Jr«)<»l|g«:S<U. !R§tS«r !RaaKW±E;?-#ai&tt©T86l'Sia$nx>5?> 

'f5>yM;W:/<Oi8#WI8JT*»^#<DM#l^)«llS& Siil&ta. ±ex>v><OR§t^'f5>;y&35ilt#4 

ccT«x>i;>o?&«ii#j'i3UT. S2 ^-#.jai&«8©««, h'S.>yv-j=f'<ntmBLV.k.im.% 

UTi^i. leic. t^fflsae i-i o e 9 i s^ii^n [o 0 0 si «iTa*®«eiBm 1 ®ci3«©igj&«f4# 

tt. t#B|8a6 1-1 0 6 9 2 0^ii«»cW^F:Sn5t>(0 X>57><OK^$fH|gStt. ±ffia<5«Sieiffi^eAJ. 

mi;ttm2^^«uiK (iRm/wAxK) ^m^xm. y^yxj^^^^rnkt^^M^Ly^. &c;±ibx>->-> 

[»tB*»»ftbJ;^fr^.^Sl LA»b, **Wip2-l »^^iaE««i©K§[^'f 5>yro§«OS^l[*e1t■r 
l 9 6 2 1 ±iaft-t>ij-j-j:ottffisnfc± 
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[0 0 0 91 t&<oftm\t, x>p>o^%mn^z&lSL$ 

I > V XOffiBW ir i7 7 -y ^^^il- LTftSt^Iffi tcaiK $ 

ffi 7 y L ±E«t*a;jaifS«J!»«<^i!)-r-5 iio\Z 20 

[0 0 10] 4#S¥iS^Offiffimi^7)£%3^lcEttcD 
ii*&»f=ftx>->*><DK^$9ffll«Stt, ±SKMir^«l 
±EX>i;><oa}:^«{ca:t>T@GSn.5*i.lZ 

f^3m E«(0a*&t8# #x > 5; «g»i, 
±ffiKa^S««A^ ±Ex>i7>(7)«SS^IlBap-r.5 30 

#x>x><DKa»|«^B«. ±E«apI^««|*t. ± 
Ex>v?>rotll:'jttl::i:-3TlHlG$n5*AlcJ;0B8ffl 
KftSnSft^^t. llKfl#±«£(0±E9iSC5R- M- 

Sit e> n±E«fli*- h«:Wffl-r-5D-^'u -y k^i.:/ 
[0 0 11] wnm^o^mamsmnmf^emzsiWLff) 

)iite«K*#x>v?>roKgl«(«^gtt, ±E&i»g$«ffil* 

[0 0 12] 4f§^a*©BHSlJS75M»33BlcE«<0 
iiJSttttt^x>v'><OKSlSj!ipKStt. ±EKa"I2ai 
±EX>v><om;*j«lrj;':>T@fi3n**AtC 
J:0Wffl8S)Sn5KgC#i:, l^»g#±t(S©±EK^ 
t^- hCStte.n±Effi:^W{C<tOllHSStlT±E»^ 50 
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(a:'jtt t±ED-^ 'J -''«Ji'y(!:ro»i:^eii«lS't'ir^h 
in 

[0 013] 

ti. x>-:;>o»ft^'f5>y*«Mu#*«apia5« 

©S>*<0S««&E«T-5ISll«-7';»-:/&fflln 

>-t}-*»6<ox>v?>©iaeft. ^^s^•fe>^}•*»e.oftffil, 
t8t3a*s*n5iat*sc5a»t«. x>-:?>ro!fta^'^s> 

[0 0 14] mz. #»ffl«<7)«Sffl«l«7iS«3«lr 

nx>->'>:n/-^-MW*t$Sfl:5n?>. #1::. itHFSS 

^©i6B$ 1 ^7!>£% 3 «trE«Ol^Sl^©Rm^S!«K 

mmmwitiiimzmmiSL^a&umr&VLitBmpi^mt 
tix>-:^>:/u-=^-»j»jitgSft;$n-5, itWFS 

«0«SfflS 1 «75Mm 3 «lcE«CDgSC?OKaBrXttl 
5, «Fi'. t*WK*(OWffi»i«7JSm3«{:E«<DS 
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[0 0 15] 

aA;uy3, 4 (016^^) ^:n^LTi^n^tiKa# lo 

>:5^0®S2J^- h 5 ^Km^XTfr-jU K 8 $:^^LT»^ 
IS 9 trail &vU>^C>»^*- h6l3:»^T-4^ 

K^V- 7^-71. K 8 i'ite^ tl^««JC»|&« 2 6 ftt; 
3irX^Kagl2t, iE-05t«(^X7^U-±l 5i:T 

w^K^n^o 1 7t^-;n^ 1 0 tcae 

[0 0 1 6] «lttSiS$&W2 6«X>>?>1<D^^>^7 
v^7N2 8<0[EHto:f3^:/-U 2 9. ^iS^7 7.>^3 0 

it. ^>^$^i7-^2 5^(DXTr£©g^-3}^-;^H8ffl 
(rEMr^o l[mi7^^y^3 OUSigonVKn.-;!.^ 
X^>K2 4(C^^$tX. :^>thi3\Z^or^9>Cri^^ 
yh2 8<D®^i]^mWt^^1&m2 6lZB^. :^>yfp 

iSffiteifc* 2 7 (3:®^!? 1 2<^»?®*.^J:0ii'L'^b^c+ 
^a?ilfeb<i:'3<!:-r^^5E£XTffi^Sit'5t. »M?&9* 

mm-r^xo^zf^wix^. mn^m^r^xoizi^ihm 
izmmvtm\zif»r^^. ^>^^-y2b\t:cwjy 

[0 0 17] ^J^-jK^V-xi--! 3fi§apl 40 

01, m2msmh\z^'r^'^\z. ^-m 

>1 7t^^co^-lf>yu-Hi 7 0^iR$r-5X^a 

7 2 «:SVM'^^fiJ]RI^^M.T^i^»E{B-r5 J: ^ {-fltiS 
$n5, §^->l 7 2(D(HHi«l 7 3ti^-v>i?^l 

7 4<^^ffltC3^aiUTn«U/^-l 7 5lC-*|:|S^$n 

7 5(D(Eii(i^J^U>5?8Bl 7 6 a, 
1 7 6b$:frLT7^7^:LX-5'i girSte^n-So Z. 

CT. Ti7^:xX-:J'l 9fi833tvx3>XTi>iJ>:$^ 
T*0. ©4^C0^r-v>i/l 9 OrtH^l, ^2. ^3 50 
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(0&exh>1 9 1, 1 9 2. 1 9 3^5lWltt«»i!i 
"ligJliR^t'^^. cne3O(0fcfXh>H^btf^al 9 
4T-S<0S*ffiS(C}fE(*»$n5o CCTy-v> 
yi9 0(Offlatwti3C)CO;t^-hl 9 5. 1 9 6. 1 9 
7;6«fi^«$n, CtlbfrimK %2. m3<D&affl#2 
1. 2 2, 2 3$:^hLTKEX7i5'>:j7 2 OtrSa^tE 
triS^tten^o )i43, ^1, S2. S3tD&raffl#2 
1. 2 2, 2 3<0&vi^y-f H«i«i*c03>hn-;i.a. 
-^y h2 4(Cl«e$n^. 

(0 0 1 8] *-M 9 5 (3p-hA) t^^l, ^2(7) 
&fcfXh>191. 1 9 2|Sl<0JE*^Eatr. #- h 1 
9 6 (3|^-hB) (3:^2, m3C>&t:Xh>l 9 2, 1 

9 3P»i<z)m:fj^Ebtc, 4t-M9 7 (4t-hc) \m 

Z\i7sVyi 9 3<hvU>y«gl 9 8<hftlOff:^^E 

c (r^n^naar^. mz. » i b!x h > 1 9 1 «m 

2lf;^h>l 9 2(C?*UTKIHa (CC-m3ram)^* 

>19 2fi^3ex>>19 3IC«bTrBlSib (CCT 
H6mm) ;t*tt48^:t^»inIig<J:'r^^ljgffi$ja=£ffl 
X. m3e!Xh>l 9 3J3:x'J>yfigl 9 8l3jttbT 

r«isic (ccTtii 2mm) it\mn^Wi^mt'r 
mm^mm^m^^. z,mz^. mi. m2. m3<o& 

ffllS^2 1, 22. 2 3^£r^>:i-7^f^bT. mZ\Z^ 

T. '>'j>5^xhD->?, 03^, yx;wgei 7o^"ii 

® (@4{r2,<S«iKT^Ufc^®) ^r^^-\i>JX)V 
®«<fr7i^/h ('>U>^X hn-i?;^) <0^-H<Dtc8g 

[0 0 191/^:;^. ^-\i>\ 7\t9-\i>(DmXUt 
P ^aiHi-r S 0^ 0 ;k I v\W / S X ^ ii^T t> J: 

C(D/W/^X|&CO^ttJPfijSBfirtr»dt^^(^i>XXh 

U75^'b#{*:H^a(Daj^E3>hP-;i/7i^^a.X-^^ 
lwae$n> aji*&ttffiTtip>7^U'>'9-X7ffi^£Stt 
T, '>XXhy-hn;uy7&t;S^-tf><08IAPX7*Sg 

>^^v H 1 0 1 (CJlR^#3RO:»§t#4$M 

7h2 SlcSie^n^. ^%tiL.^h2 

4^:*M.T0^l.>^j:l^#ffift5gtcSI^$n^, 
[0 0 2 01 C:s:"Ctt«^Se^g5 4ll, frffiSJ^ffiJCD 



( 6 ) 

h D -;i.zL - h 2 4 e> (0 3 &pg<Dm:^ o T®a 

i7)«09;5L«ABDC 1 0 0' d:^ iO 

iiMUfte i7i«BDCtiS!£$n^. AVI/^iS'^ 
^ >i?^^:- K ATtt«S«^iaffia)±#€:«lA^^< filE 
Igltcfb^a^^^Si. SWCfta i;5»tABDC8 0' 
-12 0'* {C^3e$n^Ct?&«S^b<. ^-HBTH 

[0 0 2 1] ii>hn-;W3.-:^y h2 4H*7-r^^a3> 

^tlAcROM (>J-K:^->^^'J) 2 4 1, RAM 
V^^AT^^irX^^'J) 2 4 2, CPU (V-fi^D^n 
-b-ylJ') 2 4 3, A:b*-h2 4 4, ffl:^*- h 2 4 5 

h 2 4 4 (r»iM«te4^Si«iai^gi:bT0X>v>0 

0eaNem^^ai;'j-r^iEifes-t:>-tf3 1, x>v> 

0#?^L{i^^m:^r?>m?S-t:>-9-3 2. X>v><7)?& 

^^iiiAD^^s^^hLT^n-fns^^n^o te^r, m 

xmmC^^y'^ZO. fiffi^M^g:5 4(7)7^5^3-X- 
5^, mi, ^2, m3C0&IBEfl#2 1, 2 2. 2 3)5^-^ 

n-etiftis$n^o rom (u-H:t>/^u) 241 

[0 0 2 21 C ;i T0 7 CDa«^O««S:igjfet8<0iHi 
«l6S!^V^y:/Hi5l^T, Ne 0tii^^>:^^>5?^(5ite»: 40 

TcOlHUEiec, Ne3tt (Nemax : S:fc©ga) x 

0. 4, LIU (Lmax XO. 1 

0. 3) \zWc^^titzo cnic<i;t)T, <£0CP#coh;u 

K^afcoT-f Kjw^tcti«ittscait&«2 6^*y h 
t^. 0 8(Dii«P$(O^-#^^-i;-t^-i 3(^sett 

SI^^V-yT'lIiJliT. Ne 2^3:0. 35XNema 
X, Ne4H0. 4 SXNemax, Ne 5(10. 6x 
Nemax, N e 6 ttO . 7 XN em a x , Ne7(l 50 
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0. SxXemax, LOtl (0. 1-0. 2) xLm 
ax, L2ti(0. 4-0. 5) xLmax, LZ\t 
(0. 6-0. 7) xLmaxH^5£$nfc. c:<0^ 
ffi«e lT(DX>>f>yu-+P^rCO^«a¥^ffi 
a6, ^iaa^5(7)®«e 2TillEl«£Sccoii!]P^:*{r^-tf 

{0 0 2 3] @9<0®#^<DKflAJl.:/fflK<Diiett^ 
t9:^T-y:/lIi5liT, ®«e3TJl?giEttllfc€ft:^0O 

{a9t;:^-HCi:LT^b« , x>i;>-ru-^^ 
{b€r0O. *S&i5(D®«e4-ClieKMtCffim«lt£ 
ib^aO (09tC^:-|^B. AiiUT^Lfc) , 

^htz. ;icT0io<o?&i§^<ottittiCiaj&«O]iCtt 

li^^v y '/\Z^K^X\tT^ H ;W e 5 \Z >tR«ffijt<0 
fc«6«tta:SI&W2 6^:t>'r-5)o 01 l<D^!i»$CO^ 
-^^^F-V-v^A— 1 3<DMtettJ8^:£Vy7'tr43V^TH 
t0fe*M?5«e 6TJi5Sit&*^fT^it*TK««it*0 
01 2(D?&ii^<^ft^A*;V:/Pig[COjlfe«j8^3£v 

AtbT^LAc) -C<aE«lt€fb^0oT/y + >y<7) 

V 2 4(^sy»i?i3i^06 tc^-rK^?^^«i;w-5">t*iB 

[0 0 2 4) 0^Lnct.^^-f >X-f y5^<0*>iiaJltci: 
oTu > h □-;i.:ixy h 2 4 Jl«i»««»JWI|^^tr 

m^(r>%.%^vm)\f-J'>\zmt^. z:iXs x>-:;;> 
H01 3ic^Tcfc-9(c, 9t^^^!7y>^mn^mxm 

BlDf^Ct J; OBEiffiX hu-^L c ^j^^X hP-i7 
Ld<tOM<LTEEffilta^|g3litcbtfc'^TTtf, «5«§ 

iaffico±#^aiA, r^^tc, ««siait&«2 6&r;i$'- 

*^r"v^-l 3(0«^-CKa'gE:fj^±frfT^«tJE{i 

2 4Jl&-fe>iJ-ctOX>>?>lpIfe»Ne, ©fifL, *ta 

XU7t::Xh7T^o Xxy^s 2-CH*ffiw t:i!iiK« 

x-vT^s 3tc, ®tt^{::HXx y >^s 4{rittro 

[0 0 2 5] X'ryZfs 3X\tmiOO-7y7\zm'oT 
SffiOlHlfeSN e L \zm C fzmUL^y&t&m 2 6 

C0:t>:t7*iJ^«:b, Xx y 7^ s 5 T^WJ^ttigtC^ 
:3fctti:^T«ttiCig)t&«2 6 0««i7 7y^3 OJlffiKi 
fSo $e>(CXxy-7's 6Ri;s 7T(i01 ICO^^-TJ^ 

I5HEJSNeRlX^?5L(r«:i;/^*5gK(D^:-H(I), 0, 
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i^rzihfirmi. ^2. m3<D^mm^2i, 22. 2 

[0 0 2 6] <a*. XxrvTs 2Tg«^<!:L,TXx:y 
-fsAlzmtSt. m7a)-^yy'\zrfkr>Xm^ 10 

(0[Hie»N e i^O:ft??rL 2 6 

rzm:h'cmn^&i&m2e<Dmm^^v^3o\tmm^ 

^^tCXT^^y >^s 1 IRXSs 1 2TJi08O^-4^ 
©fe»N e &t;&?§f L tf&Ufc 8 ©pgO^- KCDTiM^ 
K S2. m3CD&nffl^2 1. 2 2. 2 3^:^>^y 

ESiU T.'rv'fs 1 32S:u:s 1 4{::ittro ccT^t. 

3 > h D-;ua- »v h 2 4 t!?^ ^j^^mn^mm 7 

^3 o(o«Efi^fctx®s#(7>iii^i;ft0 i m%^^^> 
^) ^m^mz^^.^mmr^. cotz^. mwz^i. 

tz% 1 (D^JS^HTtt. x>>?>;^tft4a^M^g 5 4 OlBi 

^(rn«ttiffiii;:i5;^$nv mm^imz\t:sL>i»it^ 

jK«l^mS€:aA^c±T. ««Sigjfe«2 6<D»^;!)^lin 

-^^v-xi--! 3O«t7iJlJDt?0, SlHlte^Offi:^ 40 

[0 0 2 8] 01Ox>v>n3:^oK^:jfjAtt5 2$: 
^7 ^ > ^7 V r 7 h (0 1 / 2 -cipifer ^> t^^tr K^:^ A (D 
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(54) [Title of the Invention] 

INTAKE AIR CONTROLLER OF ENGINE WITH 
SUPERCHARGER 

(57) [Abstract] 
[Purpose] 

To provide an intake air controller of an engine with a supercharger wherein improved startability and 
high output are conceived without deteriorating fuel consumption or a sufficient engine brake force is 
obtained for an engine adopting a mirror cycle. 

[Construction] 

An intake air controller of an engine with a supercharger is characterized by being provided with: 

a variable volume type turbocharger 13 arranged in an intake air passage 9 of an engine 1, 

a mechanical supercharger 26 arranged downstream from the turbocharger and attachably/ 

detachably connected to a driving shaft 28 via a clutch 30, 

intake air variable mechanisms C 1 and C2 capable of varying intake timing, 

operating condition detection means 31, 32, 33 for detecting operating conditions of engine 1, and a 

control means 24 for controlhng the volume of turbocharger 13, the attachment/detachment of clutch 

2 



(72)Inventor 



(74) Agent 



30 and the intake timing of intake air variable mechanisms C 1 and C2. 

[Claims] 
[Claim 1] 

An intake air controller of an engine with a supercharger, characterized by providing a variable 
volume type turbocharger arranged in an intake air passage of an engine and driven by exhaust gas, 
a mechanical supercharger arranged downstream from the turbocharger and attachably/detachably 
connected to a driving shaft via a clutch, an intake air variable mechanism capable of varying the 
intake timing of above engine, an operating condition detection means for detecting operating 
conditions of above engine, and a control means for controlling the volume of turbocharger, the 
attachment/detachment of above clutch and the intake timing of above intake air variable 
mechanisms in accordance with the output of the operating condition detection means. 

[Claim 2] 

The intake air controller of an engine with a supercharger described in Claim 1, characterized by the 
fact that the above operating condition detection means comprise a revolution sensor detecting the 
revolution of above engine, a load sensor detecting the load of above engine and a temperature sensor 
detecting the cooling water temperature of above engine, wherein the above control means is 
provided with control maps storing respective set values of the volume of above turbocharger, 
attachment/detachment of above clutch and intake timing of above intake air variable mechanisms 
corresponding to the revolution, load and cooling water temperature of above engine, the volume of 
above turbocharger, the attachment/detachment of above clutch and the intake timing of above intake 
air variable mechanisms are controlled based on the set values of above control m^s corresponding 
to the revolution, load and cooling water temperature of above engine detected by the above sensors. 
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[Claims] 



An intake air controller of an engine with a supercharger, provided with a variable volume type 
turbocharger arranged in an intake air passage of an engine, a mechanical supercharger arranged 
downstream from the turbocharger and attachably/detachably connected to a driving shaft via a 
clutch, an intake air variable mechanism capable of varying the intake tiniing of above engine, ari 
operating condition detection means for detecting the operating conditions of above engine, a control 
means for controlling the volume of turbocharger, the attachment/ detachment of above clutch and 
the air intake timing of above intake air variable mechanisms in accordance with the out-put of the 
operating condition detection means, and an opening/shutting means for exhausting compressed air 
in engine cylinders in the vicinity of at least upper dead point of compression stroke, characterized by 
the fact that the above control means accomplishes control such that if it determines the condition to 
be an engine braking condition by the above operating condition detection means, the above 
opening/shutting means is operated, the closing period of above intake air variable mechanisms is in 
the vicinity of lower dead point, the volume of above turbocharger is minimized (the nozzle area of 
the variable volume turbocharger is minimized), and the above clutch is connected to operate the 
above mechanical supercharger. 

[Claim 4] 

The intake air controller of an engine with a supercharger described in Claims 1 - 3, characterized by 
the fact that the above intake air variable mechanism comprises intake valves open/shut driven by a 
cam rotated by an output shaft of above engine and a phase changing means interposed in a power 
transmission path of above output shaft and above cam and changes the phase of above cam in 
accordance with a control signal of above control means. 
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[Claims] 



The intake air controller of an engine with a supercharger described in Claims 1-3, characterized by 
the fact that the above intake air variable mechanism comprises intake valves opening/shutting intake 
ports opened to combustion chambers of above engine and a phase changing means open/shut driving 
the above intake valves aiid controlling the opening/shutting phase in accordance v^dth a control signal 
of above control means. 

[Claim 6] 

The intake air controller of an engine with a supercharger described in Claims 1 3, characterized by 
the fact that the above intake air variable mechanism comprises intake valves open/shut driven by a 
cam rotated by the output shaft of above engine, rotary valves provided in the above air intake ports 
upstream from the intake valves and opening/shutting the above intake valves and a phase control 
means rotationally driving the above rotary valves and controlling the phase in accordance with a 
control signal of above control means. 

[Claim?] 

The intake air controller of an engine with a supercharger described in Claim 5 or 6, characterized by 
the fact that the above phase control means is constructed with a motor, 

[Claims] 

The intake air controller of an engine with a supercharger described in Claims 1 - 3, characterized by 
the fact that the above intake air variable mechanism comprises intake valves open/shut driven by a 
cam rotated by an output shaft of above engine, rotary valves provided in the above air intake ports 
upstream from the intake valves and opening/shutting the above intake valves and a phase changing 
means interposed in a power transmission path of above output shaft and above cam of above engine, 
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[Detailed description of the invention] 
[0001] 

[Industrial applications] 

The present invention relates to an intake air controller of an engine with a supercharger wherein a 
turbocharger and a mechanical supercharger are provided in an intake system and an intake air 
variable mechanism capable of changing the intake timing of engine is mounted to the intake system 
to conceive improved output 

[0002] 

[Prior Art] 

High output is necessary to improve the operational performance of gasoline and diesel engines, and 
causes reduction in fuel consumption if the displacement is simply increased. It is also effective to 
conceive high engine output by providing a turbocharger or a mechanical supercharger in an intake 
system to improve the operational performance without changing the displacentent. These 
superchargers are effective in increasing output, however, they have insufficient initial torque and 
engine brake force. When mounted, the temperature of combustion chamber is easily excessively 
increased, especially at high rpm, and the compression ratio is usually preset to be low, which easily 
results in reduced output at low rpm. In die case of a turbocharger, the turbine must be inhibited in 
size to ensure response in the low rpm region of the engine. However, if the turbine is reduced, the 
exhaust passage is narrowed with incomplete scavenging of the combustion chamber, resulting in 
knocking and increased pumping loss. On the other hand, if the mechanical supercharger increases 
the speed increase ratio, a sufficient supercharging effect is also obtained at low rpm, but causes an 
increase of power loss at high rpm. Japan Kokai H2-1 19621 proposes that the speed increase ratio at 
low rpm is raised to ensure the startability by a variable volume mechanical supercharger, achieving 
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improved output by a turbocharger at high rpm. Overlap at high rpm is particularly increased and the 
scavenging is also enhanced by a valve timing variation means. 

[0003] 

A mirror cycle has been known which decreases the effective compression ratio and the expansion 
ratio is ensured by providing a rotary valve separate from an intake valve closed in the vicinity of 
lower dead point in an intake air passage of engine and closing the air intake passage by the rotary 
valves on this side of the lower dead point of a piston or at a time after it. When the mirror cycle is 
compared with a common autocycle, rotational control of the engine is accomplished by migrating 
the valve-opening period of rotary valve of the intake system, maintaining the intake air passage at 
atmospheric pressure, reducing the pumping loss of the piston. Particularly, the combustion chamber 
temperature can be lowered, the generation of NO can be prevented and an expansion ratio greater 
than the compression ratio can be ensured by reducing the effective compression ratio in the mirror 
cycle. Therefore thermal efficiency can be kept at a high value, and particularly high output can be 
ensured by maintaining the intake pipe pressure at a prescribed level. 

[0004] 

For example, Japan Kokai S6 1-106920 provides a timing valve on an intake air passage, and the 
rotary shaft of the valve is driven at a rotating speed 1/2 as much as tiiat of a crank shaft via a moving 
means. Moreover, the moving means moves the rotary shaft of the timing valve relative to the 
angular displacement on the crank shaft side by the motion of an actuator operated by a control circuit. 
In this case, it is moved in such a direction that the valve-opening period of the timing valve T is 
earUer than the valve-opening period of the intake valve at a low load, shortening the period for 
opening both valves, inhibiting the air intake amount to conceive lowering the combustion 
temperature. On the other hand, the valve-opening period of the timing valye is moved to a direction 
of overlapping the valve-opening period of the intake valve (delay direction) at a high load, 
lengthening the period for opening both valves and the air intake amount is increased to achieved an 
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improved air filling rate. With a cold engine, a second branched passage (intake air by-pass passage) 
is opened to return to the auto-cycle, achieving an increase in the combustion chamber temperature 
and reduced combustibility. Moreover, nearly the same engine as that disclosed in Japan Kokai 
S61-106920 is disclosed in Japan Kokai S61-106918, in which particularly, the second branched 
passage (intake air by-pass passage) can be opened at a high load to reduce the air intake resistance 
and return to the autocycle to improve the air intake air filling rate, achieving guaranteed thermal 
efficiency. 

[0005] 

[Problems overcome by the invention] 

In Japan Kokai H2-1 19621, however, the startability at low rpm and the output improvement at high 
rpm is conceived, wherein the overlap of air intake/ exhaust is increased by a valve timing variation 
means to enhance the scavenging effect. However, this causes reduced fuel consumption because a 
mechanical supercharger is used in the whole rotation region of engine. Moreover, an engine driven 
in a mirror cycle is disclosed in Japan Kokai S61-106920 and Japan Kokai S61-106918, and 
particularly, the engine is returned to the autocycle in cold state, enabling an increase in combustion 
chamber temperature, or a return to the auto-cycle at high-load and high rpm, improving the intake air 
filling rate and guaranteeing thermal efficiency, but they do not conceive high output by a 
combination of superchargers. 

Furthermore, a vehicle mounted with an engine driven in the mirror cycle only shows a normal 
engine brake force in braking. 

[0006] 

Namely, the common engine simply utilizes the pumping action of the engine as brake forx:e, the 
magnitude of which is basically decided by displacement. Therefore, in a vehicle mounted with an 
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engine in which a mirror cycle is adopted to provide relatively low displacement and high output by 
a combination of superchargers, etc., it has been desired in improving the operability and safety to 
mount a braking device able to display a brake force greater than a common engine brake when 
traveling. A purpose of the present invention is to provide an intake air controller of an engine with a 
supercharger that conceives improved startabihty and high output of an engine adopting a mirror 
cycle are conceived without deteriorating the fiiel consumption. Another purpose of the present 
invention consists in providing intake air controller of an engine with a supercharger that gives a 
sufficient brake force. 

[0007] 

[Problem resolution means] 

To achieve aforesaid purpose, an invention is characterized by providing a variable volume type 
turbocharger arranged in the intake air passage of an engine and driven by exhaust gas, a mechanical 
supercharger arranged downstream of the turbocharger, attachabiy/detachably connected to a driving 
shaft via a clutch, an intake air variable mechanism capable of varying an intake timing of above 
engine, an operating condition detection means for detecting the operating conditions of above engine, 
and a control means for controlling the volume of turbocharger, the attachment/detachment of above 
clutch and the intake timing of above intake air variable mechanisms in accordance with the output 
of the operating condition detection means. 

[0008] 

The intake air controller of an engine with a supercharger described in Claim 1 may also be 
characterized by the fact that the above operating condition detection means comprise a revolution 
sensor detecting the revolution of above engine, a load sensor detecting the load of the above engine 
and a temperature sensor detecting the cooling water temperature of above engine, wherein the above 
control means is provided with control maps storing respective set values of the volume of above 
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turbocharger, attachment/detachment of above clutch and intake timing of above intake air variable 
mechanisms corresponding to the revolution, load and cooling water temperature of above engine, 
the volume of above turbocharger, the attachment/detachment of above clutch and the intake timing 
of above intake air variable mechanisms are controlled based on the set values of above control maps 
corresponding to the revolution, load and cooling water temperature of above engine detected by the 
above sensors. 



[0009J 



Another invention is characterized by providing a variable volume type turbocharger arranged in the 
intake air passage of an engine, a mechanical supercharger arranged downstream from the 
turbocharger and attachably/detachably connected to a driving shaft via a clutch, an intake air 
variable mechanism capable of varying an intake timing of above engine, an operating condition 
detection means for detecting operating conditions of above engine, a control means for controlUng 
the volume of the turbocharger, the attachment/ detachment of above clutch and the air intake timing 
of above intake air variable mechanisms in accordance with the output of the operating condition 
detection means, and an opening/shutting means for exhausting compressed air in engine cylinders in 
the vicinity of at least upper dead point of compression stroke, and is so controlled that if it 
determines the condition to be an engine braking condition by the above operating condition 
detection means, the above opening/shutting means is operated, the closing period of above intake air 
variable mechanisms is in the vicinity of lower dead point, die volume of above turbocharger is 
minimized (the nozzle area of the variable volume turbocharger is minimized), and the above clutch 
is connected to operate the above mechanical supercharger. 



[0010] 



The intake air controller of an engine with a supercharger described in Claim 1 - 3 is also be 
characterized by the fact that the above intake air variable mechanism comprises intake valves 
open/shut driven by a cam rotated by an output shaft of above engine and a phase changing means 
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interposed in a power transmission path of above output shaft and above cam and change the phase 
of above cam in accordance with a control signal of above control means. The intake air controller of 
an engine with a supercharger described in Claims 1 - 3 is also characterized by the fact that the 
above intake air variable mechanism comprises intake valves opening/shutting intake ports opened to 
combustion chambers of above engine and a phase changing means open/shut, driving the above 
intake valves and controlling the opening/shutting phase in accordance with a control signal of above 
control means. The intake air controller of an engine with a supercharger described in Claims 1 3 
may also be characterized by the fact that the above intake air variable mechanism comprises intake 
valves open/shut driven by a cam rotated by an output shaft of above engine, rotary valves provided 
in the above air intake ports upstream from the intake valves and opening/shutting the above intake 
valves and a phase control means rotationally driving the above rotary valves and controlling the 
phase in accordance with a control signal of above control means. 

[0011] 

The intake air controller of an engine with the supercharger described in Claim 5 or 6 may also be 
characterized by the fact that the above phase control means is constructed with a motor. 

[0012] 

The intake air controller of an engine with a supercharger described in Claims 1-3 may also be 
characterized by the fact that the above intake air variable mechanism comprises intake valves 
open/shut driven by a cam rotated by an output shaft of above engine, rotary valves provided in the 
above air intake ports upstream from the intake valves and opening/shutting the above intake valves 
and a phase changing means interposed in the power transmission path of above output shaft and 
above cam of above engine. 

[0013] 
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[Operation] 



In one invention, high-output operational control is facihtated because the control means for 
controlling the variable volume type turbocharger, the mechanical supercharger 
attachably/detachably connected to the driving shaft via the clutch and the intake air variable 
mechanisnis capable of changing the intake timing of engine controls the volume of turbocharger, the 
attachment/detachment of the clutch and the intake timing of intake air variable mechanisms in 
accordance with the output of the operating condition detection means. Particularly, high-output 
operational control is more greatly facilitated because the control means finds a set value 
corresponding to the revolution of engine from the revolution sensor, a set value corresponding to the 
load from the load sensor and a set value corresponding to the cooling temperature from the 
temperature sensor by using the control maps for storing respective set values of the volume of above 
turbocharger, attachment/ detachment of above clutch and intake timing of above intake air variable 
mechanisms and controls the volume of turbocharger, the attachment/detachment of clutch and the 
intake timing of intake air variable mechanisms based on these set values. In another invention, the 
engine braking control is facihtated because the control means for controlling the variable volume 
type turbocharger, the mechanical supercharger attachably/detachably connected to the driving shaft 
via the clutch, the intake air variable mechanism capable of varying the intake timing of engine and 
the opening/ closing means discharging the compression air in engine cylinder in the vicinity of upper 
dead point of the compression stroke accompUshes control such that if it determines the condition to 
be an engine braking condition by the above operating condition detection means, the 
opening/shutting means is operated, the closing period of above intake air variable mechanisms is in 
the vicinity of lower dead point, the volume of above turbocharger is minimized, i.e., the nozzle area 
is minimized, and the clutch is connected to operate the above mechanical supercharger. 



[0014] 



Particularly, high-output operational control is also facilitated or the engine braking control is also 
facilitated when the intake air variable mechanism in the controllers described in Claims 1 3 
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comprises the intake valves and the phase changing means for changing the cam phase in accordance 
with the output of the control means. Particularly, high-output operational control is also facilitated 
or engine braking control is also facilitated when the intake air variable mechanism in the controllers 
described in Claims 1-3 comprises the intake valves and the phase changing ineans for open/shut 
driving the intake valves and controlling the open/shut phase in accordance with a control signal of 
controller. High-output operational control is also facilitated or the engine braking control is also 
facilitated when the intake air variable mechanism in the controllers described in Claims 1-3 
comprises the intake valves, the rotary valve upstream from the intake valves and the phase changing 
means for rotationally driving the intake valve and controlling the phase in accordance with a control 
signal of control means. Moreover, the phase changing means in this case operates the same if it is 
constructed with a motor, and high-output operational control is also facilitated or the engine braking 
control is also facilitated when the intake air variable mechanism in the controllers described in 
Claims 1-3 comprises the intake valves, the rotary valves provided upstream from the intake valves, 
rotated by the output shaft and opening/shutting the air intake ports and the phase changing means 
interposed in the power transmission path between the output shaft and the rotary valve. 

[0015] 

[Embodiment example] 

Fig. 1 shows an intake air controller of an engine with a supercharger as an embodiment example of 
the present invention. A diesel engine (hereafter referred to as "engine") 1 mounted with this intake 
air controller of an engine with a supercharger accommodates multiple cylinders 2 in its body. An air 
intake port 5, an air exhaust port 6 is formed in a combustion chamber 7 of each cylinder 2, 
respectively in a way capable of communication via air intake/exhaust valves 3 and 4 (see Fig. 16). 
The air intake port 5 of each cylinder conununicates with an intake air passage 9 via an intake 
manifold 8, and the air intake port 6 of each cylinder communicates with an exhaust air passage 11 
via an exhaust manifold 10. The intake air passage 9 is constructed by a mechanical supercharger 26 
direcdy connected to the intake manifold 8 and a provided check valve 27, an intercooler 25, an 

13 



intake pipe 12 extending via a compressor 14 of a turbocharger 13 and an air cleaner 15 at its front 
end. The exhaust air passage 11 is constructed by a turbine 17 of turbo-charger 13 directly connected 
to the air exhaust manifold 10, an exhaust pipe 16 extending from the turbine 17 and a muffler at its 
front end. 

[0016] 

The mechanical supercharger 26 receives the rotating force of crank shaft 28 of engine 1 via a pulley 
29 and an electromagnetic clutch 30 and pump operates a pair of un-shown rotors to pressure deliver 
air to the intercooler 25 side. The electromagnetic clutch 30 is connected to a control unit 24 described 
later, transfers the rotating force of crank shaft 28 to the mechanical supercharger 26 by an ON output 
and can be pump operated. The check valve 27 provided with the mechanical supercharger 26 has a 
central axis offset from die center of cross-section of an intake pipe 12. Therefore, if a part having a 
relative large pressed surface to the central axis in this valve reverse flows into the intake pipe 12, the 
valve can block the intake air passage 9 and operate in an automatically blocked state to check the 
flow. The intercooler 25 is provided in front of engine 1 and adopts a well-known construction 
wherein a pressurized air from the turbocharger 13 is air cooled to deliver it to the intake port side. 

[0017] 

The turbocharger 13 is of a variable volume type and, as shown in Fig. 1, Fig, 2 and Fig. 5, the turbine 
17 is constructed to disperse vanes 172 of airfoil cross-section, and arranges them at the whole 
periphery of nozzle part 171 in a scroll part accommodating the turbine blades 170 at pre-determined 
spacing from each other. The rotary shaft 173 of vanes 172 extends to the outside of casing 174 and 
is integrally combined with an extemal lever 175. The rotating end of each external lever 175 is 
connected to an actuator 19 via Unks 176a and 176b. Here, the actuator 19 is an 8-position air 
cylinder, and a first, a second and a third pistons 191, 192, 193 are accommodated in a cylindrical 
casing 190 movably relative to each other. The three pistons are press energized to a reference 
position at one end by a return spring 194. Here, three ports 195, 196, 197 are formed on the side wall 
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of casing 190, and are able to communicate with a high-pressure air tank 20 via first, second and third 
open/shut valves 21, 22, 23. Moreover, each solenoid of the first, second and third open/shut valves 
21, 22, 23 is connected to the control unit 24 described later. 

[0018] 

A port 195 (port A) communicates with a pressure chamber Ea between the first and second pistons 
191, 192, a port 196 (port B) communicates with a pressure chamber Eb between the second and third 
pistons 192, 193, and a port 197 (port C) communicates with a pressure chamber Ec between the 
second and third pistons 193 and a cylinder low wall 198. Moreover, the first piston 191 is provided 
with a travel controller capable of making a relative movement at only a spacing a (3 mm here) to the 
second piston 192, the second piston 192 has a travel controller capable of making a relative 
movement at only a spacing b (6 nmi here) to the third piston 193, and the third piston 193 has a travel 
controller capable of making a relative movement at only a spacing c ( 1 2 nmi here) to the cylinder 
low wall 198. Therefore, the cylinder stroke can be held in 8 stages from a mode <D of large turbine 
nozzle area (j) of nozzle part 17 (small cylinder stroke) (a position shown by a two-dot chain line in Fig. 
4) to a mode ® of small turbine nozzle area (|> of nozzle part 17 (large cylinder stroke). 

[0019] 

Furthermore, the turbine 17 may have a un-shown by-pass passage for detouring an inflow port and 
an outflow port of turbine. A well-known Westgate valve is arranged at a site on the outflow port side 
of the by-pass passage, and the valve is always close energized. The valve is also connected to a 
well-known supercharge pressure control actuator and is so constructed that the compressor air 
pressure is received in the supercharged condition and the Westgate valve detours the air of inflow 
port of the turbine to the outflow port. Here, an air intake camshaft 52 and an exhaust cam-shaft 53 for 
open/shut driving the intake valves 3 and the exhaust valves 4 are acconunodated in a cylinder head 
101 of engine 1 and connected to the crank shaft 28 via a un-shown valve driving system. In 
particular, the air intake camshaft 52 is connected to the un-shown valve driving system via a phase 
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changing means 54 for changing the phase of a un-shown air intake cam. 



[0020] 

In this instance the phase changing means 54 adopts construction capable of adjusting the rotary 
angle of air intake camshaft 52 to the rotary shaft on the valve driving system side at a desired 
increment/decrement and is so constructed that spUnes reverse to each other are formed at the end of 
air intake camshaft 52 and the end of a un-shown rotary shaft on the valve driving system side, have 
a cylindrical sliding body continuously fitted thereto, an engagement part engaged with the two 
splines, and are respectively formed at the inner wall of the cylindrical slider and an actuator 
(un-shown) for phase switching which axially switches and moves the slider is provided, and the 
actuator is switched by the control unit 24. As shown in Fig. 14, the open/shut timing of the intake 
valve is set up to selectively switch to three valve timing modes A, B, C. Namely, the delay angle 9i 
of intake valve is set to be, say, ABDC 100"* in the valve timing mode A, the delay angle 0i of intake 
valve is set to be, say, ABDC 50"* in the valve timing mode B, and the delay angle Gi of intake valve 
is set to be, say, BDC (?, no number here, translator) in a necessity of achieving a high compression 
ratio e in the valve timing mode C. It is desirable that the delay angle Gi be set to be ABDC 80'' - 120° 
to inhibit a rise of combustion chamber temperature and to create a high compression ratio e in the 
valve timing mode A, and it is desirable that the angle be ABDC 40** - 60"* in the valve timing mode 
B. 

[0021] 

Such well-known hard construction is adopted in which the principal part of control unit 24 is formed 
by a computer and is provided with ROM (Read-Only Memory) 241, RAM (Random Access 
Memory) 242, CPU (Microprocessor) 243, an input port 244 and an output port 245. A revolution 
sensor 31 for outputting a revolution Ne signal of engine, a load sensor 32 for outputting a load L 
signal of engine, a temperature sensor 33 for outputting a cooling water temperature wt signal of 
engme as operating condition detection means, etc. are connected to the input port 244 via a 
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un-shown AD converter, respectively. On the other hand, an electro-magnetic clutch 30, an actuator 
of phase changing means 54, the first, second and third open/shut valves 21, 22, 23 are connected to 
the output port 245 via a corresponding un-shown driving circuit, respectively. An intake systeni 
control program shown in Hg. 6, operating condition setup maps of mechanical supercharger at 
normal, variable turbo, intake valve opening in Fig, 7 - Fig. 9, operating condition setup maps of 
mechanical supercharger in cold state, variable turbo, intake valve opening in Fig. 10 - Fig. 12, etc, 
are stored and processed in ROM (Read-Only Memory) 241. 

[0022] 

Here, in the operating condition setup map of mechanical supercharger 26 at normal in Fig. 7, Ne 0 is 
set to a revolution slightly higher than the cranking revolution, Ne 1 is set to a revolution slightiy 
lower than the idle revolution, Ne 3 is set to (Nemax: maximum revolution) x 0.4, and LI is set to 
(Lmax: maximum load) x 0.1 0.3). Thereby, the prevention of torque increase at low rpm and 
deterioration of fuel consumption at high rpm is conceived. Moreover, the mechanical supercharger 
is cut down at the idle of engine warm-up. In the operating condition setup m^^ of turbocharger 13 at 
normal in Fig. 8, Ne 2 is set to 0.35 x Nemax, Ne 4 is set to 0.45 x Nemax, Ne 5 is set to 0.6 x Nemax, 
Ne 6 is set to 0.7 x Nemax, Ne 7 is set to 0.8 x Nemax, LO is set to (0. 1 - 0.2) xLmax, L2 is set to 
(0.4 - 0.5) xLmax, and L3 is set to (0.6 - 0.7) xLmax. The conditions are set so that the filling 
efficiency at engine braking in a region e 1 , the turbine nozzle area is slowly increased with an increase 
of revolution in region 2 of a medium-high load, and the filling efficiency is increased in a range not 
achieved by supercharging. 

[0023] 

In the operating condition setup map of intake valve opening at normal in Fig. 9, ttiese conditions are 
established to conceive a high compression ratio e in a region e3 (shown as mode C in Fig. 9), an 
engine brake enhancement and a low compression ratio e stepwise in a region e4 of medium-high 
load (shown as mode B, A modes in Fig. 9 and to prevent knocking by inhibiting a rise in the 
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combustion chamber temperature. Here, in the operating condition setup map of mechanical 
supercharger 26 in the cold state in Fig. 10, the mechanical supercharger 26 is turned ON to accelerate 
engine warm-up at an idling time e5. In the operating condition setup map of turbocharger 13 in cold 
in Fig. 1 1, the execution of supercharging to accelerate the engine warm-up is accomplished in region 
e6 of medium rotation and medium load. In the operating condition setup map of intake valve 
opening in cold state in Fig. 12, conditions are established to achieved a low compression ratio e to 
prevent knocking in a high-rotation high-load region e7 (shown as mode A in Fig. 12) and a high 
compression ratio 8 and acceleration of engine warm-up are achieved in all other regions (shown as 
mode C in Fig. 12). The control processing of such a control unit 24 is described with the intake 
system control routine shown in Fig. 6. 



[0024] 



The control unit 24 executes a un-shown well-known main routine including fuel injection control by 
ON processing of a un-shown main switch and reaches an air intake system control routine of Fig. 6 
on the way. Here, as show in Fig. 13, the compression stroke Lc becomes shorter than the expansion 
stroke Ld and the compression ratio e becomes lower than the expansion ratio from the fact that the 
intake valve is delayed at a position of crank angle n, a rise of combustion temperature is inhibited, 
and simultaneously has a mirror cycle operation that can increase the air intake pipe pressure to raise 
the filling efficiency by the motion of mechanical supercharger 26 and tuAocharger 13, thereby 
achieving high compression, high torque and high output. The control unit 24 incorporates detection 
signals of engine revolution Ne, load L, water temperature wt, etc. from the sensors and stores the 
resultant data in pie-determined areas. Whether the water temperature wt is higher than the value wtl 
for determining engine warm-up is determined in step s2, and the flow proceeds to step s3 in the cold 
state and proceeds to step s4 in engine warm-up. 



[0025] 



The ON/OFF of mechanical supercharger 26 corresponding to the current revolution Ne and the load 
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L are determined along the map of Fig. 10 in die step s3, and the electroinagnetic clutch 30 of 
mechanical supercharger 26 is driven by an output which is the same as the determined condition in 
step s5. One of five step modes ®, ©, ®, ® and ® corresponding to the current revolution Ne and the 
load L is further selected using the operating condition setup map of turbocharger 13 in Fig. 1 1 in step 
s6 and step s7, the first, second and third open/shut valves 21, 22, 23 are ON/ OFF driven by an output 
corresponding to the setup modes, and the flow proceeds to step s8 and step s9. Here, a determination 
of the valve timing mode A or C of intake valve corresponding to the current revolution Ne and load 
L is made along the operating condition setup map of intake valve opening in the cold state shown in 
Fig. 12, the actuator of phase changing means 54 is driven by an output capable of achieving the set 
mode, and then returned by changing the delay angle 9i of intake valve to an equivalent set mode. 

[0026] 

On the other hand, if the flow proceeds to the step s4 as engine warm-up in the step s2, the ON/OFF 
of mechanical supercharger 26 corresponding to the current revolution Ne and load L is determined 
along the map of Fig. 7, and the electromagnetic clutch 30 of mechanical supercharger 26 is driven by 
an output along the determination condition in the step slO. One of eight step modes ® to ® 
corresponding to the current revolution Ne and the load L is further selected using the operating 
condition setup map of turbocharger 13 of Fig. 8 in step si 1 and step si 2, the first, second and third 
open/shut valves 21, 22, 23 are ON/OFF driven by an output corresponding to the setup modes, and 
the flow proceeds to step sl4 and step sl5. A determination of the valve timing mode A or C of 
intake valve corresponding to the current revolution Ne and load L is made along the operating 
condition setup map of intake valve opening at warm-up of Fig. 9, the actuator of phase changing 
means 54 is driven by an output capable of achieving the set mode, and then returned by changing the 
delay angle Gi of intake valve to an equivalent set mode. 



[0027] 



Thus, in embodiment example 1 shown in Fig. 1, the control means consisting of control unit 24 
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calculates control values corresponding to the engine revolution and Ne, load L and cooling water 
temperature wt that are outputs of operating condition detection means and controls the turbine 
nozzle area (volume) of turbocharger, the attachment/detachment of electromagnetic clutch 30 of 
mechanical supercharger 26 and the delay angle 9i of intake valve (intake timing) by switching them 
to the control values. Therefore, in embodiment example 1 shown in Fig. 1, the engine is operated in 
a mirror cycle by the motion of phase changing means 54, therefore the combustion chamber 
temperature can be inhibited to prevent the generation of NOj. Warm-up is accelerated in the cold 
state of the engine and the engine inhibits the combustion chamber temperature at the completion of 
warm-up, in addition, the torque up and the startability at low rpm can be improved by applying the 
motion of mechanical supercharger 26, and increased output at high rotation is accomplished by 
applying the motion of turbocharger 13. 

[0028] 

The engine 1 of Fig. 1 rotates its air intake camshaft 52 at 1/2 the speed of the crank shaft and the 
phase changing means 54 for changing the phase of air intake cam 52 is interposed in a valve driving 
system (power transmission system), but a phase control means (un-shown) comprising an electric 
motor that can rotationally drive the air intake camshaft 52 and increase/decrease adjust its 
displacement of rotary angle and a driving circuit of the motor may also be usied in place of the phase 
changing means 54, in which case the control unit 24 incorporates an angular displacement that can 
achieve a single mode in the valve timing modes A, B, C selected using the operating condition setup 
maps of intake valve opening (see Fig. 9, Fig. 12) as described above to rotationally drive the air 
intake camshaft 52. In this case, the same working effect as thiat of the system of Fig. 1 is also 
obtained. Another embodiment example of the present invention is shown in Fig. 15. The same 
constmction is adopted in an engine la of this Fig. 15 except that a power-tard (=-Ai.) system 
(topping brake) PT that makes engine brake stronger than the engine 1 of Fig. 1 is mounted. Here, 
same symbols are attached to same members, and their repeated description is omitted. 

[0029] 
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This power-tard (^A±) system (topping brake) PT is provided in each cylinder 2 of the engine as 
shown in Fig, 16 Fig. 19, a combustion chamber 7 is opened to an exhaust port 6 in the vicinity of 
upper dead point, and the system is constmcted by an exhaust valve opening/shutting mechanism 44 
for discharging compressed air to an exhaust passage 11 and an oil hydraulic passage Ro driving the 
mechanism 44, ah exhaust push rod 72 (or inlet push rod) for increasing the oil pressure in an oil 
hydraulic passage A and an electronic control circuit Re. This diagram shows 4 valve heads having 
two air intake/exhaust valves for each cylinder, respectively, a slave piston 41 in touch with the side 
end face of one shaft of an exhaust valve 4 is provided opposite to each combustion chamber 7, 
respectively, and is slidably mounted to a power-tard assembly 70 as shown in Kg. 16. A master 
piston 73 operated by a solenoid valve 71 that electronically switches a high-pressure port 711 and a 
low-pressure port 712 of engine oil, a control valve 38 with an actuator 381 for controlling the slave 
piston 41 and the exhaust push rod 72 (or inlet push rod) when the braking action is generated, is 
mounted to the oil hydraulic passage Ro for driving the slave piston 41. 



[0030] 



The solenoid valve 71 is switch operated by die electronic control circuit Re, which is provided with 
a clutch switch 49 turned ON to a power supply 48 at the time of touching a un-shown clutch, an 
exhaust braking switch 46 manually turned ON as necessary, an access switch 51 turned on when a 
un-shown access pedal of engine is in the opened state, a power- tared controller 45 and a power-tard 
switch 50 turned on in an engine revolution region where the power-tard system is operated (e. g., Ne 
> Nei). The power-tard controller 45 is constmcted to give/receive signals with a control unit 24. 
Moreover, a braking switch 34 diat outputs a braking signal Sb at the time of stepping on a un-shown 
pedal is also cormected to the control unit 24. 



[0031] 



Moreover, a wire from the access switch 51 is branched and connected to an air valve 37. 
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becomes an exhaust braking condition, the air valve 37 is opened, high-pressure air is delivered from 
an high-pressure air tank 20 to an exhaust braking cylinder 39 ttirough an air pipe 391, and an exhaust 
braking valve 43 is operated in the closed state at this time. Operations of the parts when the 
power-tard system becomes ON state are described next. At this time, the solenoid valve 7 1 is opened 
by a signal from the power-tard switch 50, the high-pressure port 712 of engine oil is opened 
(low-pressure port 711 is closed), the oil pressure pushes up the check valve 381 of control valve 38, 
and the engine oil is suppUed to the oil hydraulic passage A. 

[0032] 

Therefore, the master piston 73 is pushed down until it comes into contact with the exhaust push rod 
72 (or inlet push rod). Simultaneously, the master piston 73 is pushed up by the exhaust push rod 72 
(or inlet push rod) to generate an oil pressure in the oil hydraulic passage A. Therefore, the check 
valve 381 of control valve 38 is closed, and one side of exhaust valve 4 is opened via the slave piston 
41. Next, when the power-tard system becomes the OFF state, the solenoid valve 71 is closed to 
intermpt the engine oil firom the engine oil high-pressure port 712. Therefore, the control valve 38 is 
pushed down in the valve slave cylinder 74 and becomes a state separated from the exhaust push rod 
72 (or inlet push rod), and an oil pressure for opening the exhaust valve 4 in the vicinity of 
compression upper dead point is not generated. 

[0033] 

As with engine 1 of Fig. 1 , the engine la provided with such a power-tard system (topping (sic) brake) 
PT calculates control values corresponding to the engine revolution and Ne, load L and cooUng water 
temperature wt that are outputs of operating condition detection means and controls the turbine 
nozzle area (volume) of the turbocharger, the attachment/detachment of electromagnetic clutch 30 of 
mechanical supercharger 26 and the delay angle 9i of intake valve (intake timing) by switching them 
to the control values. The motion of brake force is described by a combination of components based 
on the following operations. The case of solid Une of Fig. 17 indicates a brake force in the case of 
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exhaust brake ON operation only. On the low-pressure side of an indicator diagram of Fig. 17, 
exhaust pressure Pe is raised by closing exhaust valve 43, and a brake force equivalent to a pressure 
difference from a boost pressure Pb (pumping loss) is obtained. In contrast, if the power-tard switch 
50 is in the ON state, a negative work is accomplished by lowering the pressure in the cylinder in the 
expansion stroke, like a two-dot chain line of Fig. 17, because the slave piston 41 pushes down the 
exhaust valve 4 and the combustion chamber 7 is opened to an exhaust passage 11 through the 
exhaust port 6. In this manner, both of exhaust brake force and power-tard brake force are allowed to 
woric on the engine by a negative work at the intake/exhaust strokes and compression/ expansion 
strokes, respectively. 



[0034] 



In contrast, a high boosting and a high compression ratio are conceived by the motion of the 
turbocharger 13 and phase changing means 54 in braking with engine la of Fig. 15. Namely, when 
braking becoming a medium/high region in this load-free case, the turbine nozzle area of 
turbocharger 13 is narrowed (see Fig. 4, Fig. 5) to form high supercharge, and the filling efficiency is 
increased by the high boost pressure. Moreover, the phase changing means 54 maintains region e3 
(intake valve close in BDC) in a high compression ratio e (see Fig. 9, Fig. 12), and the cylinder 
pressure Pc nearby TDC becomes higher than a normal cylinder pressure Pa Therefore, as shown in 
Fig. 19, relatively big negative work at the intake/exhaust strokes and compression/expansion strokes 
is formed, respectively, both of the power-tard brake force and exhaust brake force work by further 
enhancing them with high boost pressure. In Fig. 18, a power-tard processing is not made, and a 
negative work (brake force) in case of performing high boosting and exhaust braking only is shown. 



[0035] 



Thus, the engine la of Fig. 15 is operated in a mirror cycle on tmveling, and can inhibit the 
combustion chamber temperature to prevent the generation of NOx, accelerates warm-up in the cold 
state of the engine and inhibits the combustion chamber temperature upon the completion of warm-up. 
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In addition, the engine la can apply the motion of mechanical supercharger 26 to improve the torque 
up and startability at low rpm and apply the motion of turbocharger 13 to conceive an increase of 
output at high rpm. Particularly, the negative work at the intake/exhaust strokes and compression/ 
expansion strokes is further enhanced by creating a high boost pressure and a high compression ratio 
and the engine la of Fig. 15 can display large enough brake force when braking based on power- 
tared and exhaust brake processing, respectively. Engine la of Fig. 15 rotates its air intake camshaft 
52 at 1/2 the speed of the crank shaft and the phase changing means 54 for changing the phase of the 
air intake cam 52 is interposed in a valve driving system (power transmission system), but a phase 
control means (un-shown) comprising an electric motor that can rotationally drive the air intake 
camshaft 52 and increase/decrease adjust the displacement of the rotary angle and the driving circuit 
of the motor may also be used in place of the phase changing means 54. In this case, the control unit 
24 incorporates angular displacement that can achieve a single mode in valve timing modes A, B, G 
selected using the operating condition setup maps of intake valve opening (see Fig. 9, Fig. 12) as 
described above to rotationally drive the air intake camshaft 52. In this case, the same working effect 
as the system of Fig. 15 is also obtained. 

[0036] 

Yet another embodiment example of the present invention is shown in Fig. 20. The same construction 
is adopted in engine lb of Fig. 20, except that a phase control means C 1 is provided in place of the 
phase changing means 54. Here, same symbols are attached to same members, and their repeated 
description is omitted. The phase contrcl means CI is constructed by rotary valves 56 for 
opening/shutting air intake ports extending from combustion chambers 7 of cylinders 2 and a control 
unit 24 comprising a phase control motor 55 for rotationally driving the rotary valves 56 and 
controlling the phase and its driving circuit 551. As shown in Fig. 20, Fig. 21, the rotary valves 56 are 
formed by a rotary shaft 58, and the branched tubes of an intake manifold 8 pass through and rotary 
valves 57 that are integrally coupled with this rotary shaft and open/shut the air intake passage of each 
branched tube, and two ends of the shaft are pivoted at the intake manifold 8 side by bearings 59. One 
end of the rotary shaft 58 is connected to the phase control motor 55. The 
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phase control motor 55 rotationally drives the rotary shaft 58 and can increase/decrease adjust its 
displacement of rotary angle. 



[0037] 



As with engine la of Fig. 15, the engine lb provided with the phase control means CI comprising 
such a phase control motor 55 and the rotary valves 56 driven thereby is operated in a mirror cycle on 
traveling, can inhibit the combustion chamber temperature to prevent the generation of NOx, 
accelerates the warm-up in cold state of engine and inhibits the combustion chamber temperature at 
the completion of warm-up. In addition, the engine lb can apply the motion of a mechanical 
supercharger 26 to improve the torque up and startability at low rpm and apply the motion of 
turbocharger 13 to increase output at high rpm. Particularly, the negative work at the intake/exhaust 
strokes and compression/expansion strokes is further enhanced by making a high boosting pressure 
and a high compression ratio when braking based on power-tard and exhaust brake processing, 
respectively. Particularly, the engine lb is open/shut at a given valve-opening angle Gib of the intake 
valve 3 (see Fig. 22), and the phase control means C 1 controls a real valve-opening angle 6r (see Fig. 
22). Namely, valve timing modes Ar, Br, Cr corresponding to the current engine revolution Ne, load 
L and cooling water temperature wt are also set to the same intake valve-opening angles 9r (= BDC, 
BDC+50, BDC+1(X)) as the valve-opening angles of Fig. 14. In this case, the control unit 24b can 
also select a mode from operating condition information and rotationally drive the rotary valves 56 
via the phase control motor 55 by an output incorporating an angular displacement capable of 
achieving the target mode and control the phase. 



[0038] 

Here, the phase control motor 55 of phase control means may be mounted only to the intake manifold 
with the rotary valves 56, In comparison with the phase changing means 54 of engine la of Fig. 15, 
rear mounting is easy and its embodiment is facilitated. Yet another embodiment example of the 
present invention is shown in Fig. 23. In comparison with engine lb of Fig. 20, the same construction 
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is adopted in engine Ic of this Fig. 23 except that a phase control means C2 is provided in place of the 
phase control means CI. Here, the same symbols are attached to same members, and their repeated 
description is omitted. The phase control means C2 is constructed by rotary valves 56 for 
opening/shutting air intake ports and a control unit 24 comprising a phase changing means 60 
interposed in a Valve driving system (power transmission system) connecting a crank shaft 28 and 
rotary valves 56 and controlUng the phase of rotary angle of rotary valves 56 and its driving circuit 
601. 

[0039] 

Here, the phase changing means 60 may adopt construction which enables increase/ decrease 
adjusting the displacement of the rotary angle of rotary shaft 58 to the rotary shaft on the valve 
driving system to a desired amount, and is so constmcted that splines reverse to each other are formed 
at the end of rotary shaft 58 and the end of un-shown rotary shaft on the valve driving system side, a 
cylindrical slider continuously fitted thereto is provided, an engagement part engaged with the two 
spines, respectively are provided at the inner wall of the slider and an actuator for phase switch 
(un-shown) that switch moves the cylindrical slider in the axial direction, the actuator being switch 
operated by the control unit 24 via the driving circuit 601. Here, the open/shut timing of rotary valves 
56 is so constructed that it is selectively switched in three valve timing modes Ar, Br, Cr as shown in 
aforesaid Fig. 22. Similarly, the engine Ic provided with the phase control means C2 comprising such 
a phase control motor 60 and the rotary valves 56 driven thereby is operated in a mirror cycle on 
traveling, and can inhibit the combustion chamber temperature to prevent the generation of NOx, 
accelerates the warm-up in cold state of engine and inhibits the combustion chamber temperature 
upon the completion of warm-up. In addition, the engine Ic can apply the motion of mechanical 
supercharger 26 to improve the torque up and startability at low rpni and apply the motion of 
turbocharger 13 to increase output at high rpm. Particularly, the negative work at the intake/exhaust 
strokes and compression/expansion strokes is ftirther enhanced by creating high boost pressure and a 
high compression ratio when braking based on power-tard and exhaust brake processing. 
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[0040] 



Particularly, the engine Ic open/shut operates intake valve 3 at a given valve-opening angle Oib (see 
Fig. 22), and the phase control means C2 controls a real valve-opening angle Or (see Fig. 22). Namely, 
the controller 24c can also select a valve timing mode corresponding to current engine revolution Ne, 
load Land cooling water temperature wt along the operating condition setup maps (see Fig. 9, Fig. 12) 
and can drive controlling the phase control motor 60 by an output incorporating an angular 
displacement capable of achieving the target mode here. In this case, the phase control motor 60 of 
phase control means C2 may be mounted only to the intake manifold 8 with the rotary valves 56, as 
compared to the phase changing means 54 of engine la of Fig. 15, rear mounting is easy and its 
embodiment is facilitated. The engines were described as diesel engines in the above, but the present 
invention may also be applied to gasoline engines, the same working effects are also 
obtained in this case, and the inhibition of combustion chamber temperature has the advantage that it 
can also prevent gasoline knock harmful to gasoline engines. 

[0041] 

[Efficacy of the invention] 

As described above, the first invention enables high-torque and high-output because the volume of a 
variable volume turbocharger, the attachment/detachment of mechanical supercharger and the intake 
timing of intake air variable mechanisms are controlled in accordance with the output of an operating 
condition detection means. 

[0042] 

Particularly, the first invention enables high-output because the volume of a turbocharger, the 
attachment/detachment of a clutch and die intake timing of intake air variable mechanism are 
controlled by a control means based on set values corresponding to the revolution, load and cooling 

27 



water temperature of engine by use of control maps for storing set values of the 

volume of a turbocharger, the attachment/detachment of a clutch and the intake timing of intake air 

variable mechanisms. 



[0043] 



Another invention enables the enhancement of sufficient engine brake force because the volume of a 
turbocharger, the attachment/detachment of a clutch and the intake timing of intake air variable 
mechanism are controlled in accordance with the output of an operating condition detection means 
and the compressed air in engine cylinders is exhausted in the vicinity of upper dead point of the 
compression stroke and because they are so controlled that high-torque and high-output operational 
controls are facilitated, the volume of turbocharger is minimized, i.e., the nozzle area is minimized 
and the mechanical supercharger is operated. Particularly, when the air intake variable mechanisms 
comprises intake valves and a phase changing means for changing the open/shut phase of the intake 
valves, the high-output operation is facilitated and the engine brake force can be enhanced. When the 
air intake variable mechanism comprises intake valves and a phase control means for controlling the 
open/shut phase of the intake valves, the high-output operational control is facilitated and the engine 
brake force can be enhanced. When the air intake variable mechanism comprises intake valves, 
rotary valves and a phase control means for control-ling the phase with rotationally driving the rotary 
valves, high-output is facilitated and the engine brake force can be ensured. The phase control means 
in this case gives the same effects even if it is constructed with a motor. Particularly, when the air 
intake variable mechanism comprises intake valves, rotary valves and a phase control means 
interposed in the power transmission path of an output shaft and rotary valves, the high-output 
operational control is facilitated and the engine brake force can be enhanced. 
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[Brief description of the drawings] 



Fig. 1 is a general block diagram of intake air controller of engine with supercharger relating to pre- 
sent invention. 

Fig. 2 is a enlarged sectional view of turbine section of turbocharger and principal parts of its 
actu-ator in the engine of Fig. 1 . 

Fig. 3 is a illustrative diagram of volume switch mode; of turbocharger in the engine of Fig. 1, 

Fig. 4 is a illustrative diagram of volume switching turbocharger in the engine of Fig. 1 . 

Fig. 5 is a sectional view of principal parts of turbine of turbocharger in the engine of Fig. 1. 

Fig. 6 is a flow chart of air intake system control routine performed by the control unit of engine of 

Fig.L 

Fig. 7 is a characteristic diagram of operational region control map at normal of mechanical 
super-charger using the control unit of engine of Fig. 1 . 

Fig. 8 is a characteristic diagram of operational region control map at normal of turbocharger using 
the control unit of engine of Fig. 1 . 

Fig. 9 is a characteristic diagram of operational region control map at normal of intake timing using 
the control unit of engine of Fig. 1 . 

Fig. 10 is a characteristic diagram of operational region control map in cold state of mechanical 
supercharger using the control unit of engine of Fig. 1. 

Fig. 1 1 is a characteristic diagram of operational region control map in cold state of turbocharger 
using the control unit of engine of Fig, 1 . 

Fig. 12 is a characteristic diagram of operational region control map in cold state of intake timing 
using the control unit of engine of Fig. 1 , 

Fig. 13 is a characteristic diagram of cylinder pressure in mirror circle performed by engine of Fig. 
1. 

Fig. 14 is a illustrative diagram of valve-opening angle of intake valve in engine of Fig. 1 . 
Fig. 15 is a general block diagram of intake mr controller of engine with supercharger as another 
embodirnent example of the present invention. 
Fig. 16 is a general block diagram of power-tard system (topping brake) used in engine with 
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super-chargerof Fig. 15. 

Fig. 17 is a diagram of cylinder pressure for illustrating a negative work (topping brake) which the 
engine with supercharger of Fig. 15 shows by power-tard only. 

Fig. 18 is a diagram of cylinder pressure for illustrating a negative work in case the engine with 

supercharger of Fig. 15 performs exhaust brake processing- 
Fig. 19 is a diagram of cylinder pressure for illustrating a negative work in case the engine with 

supercharger of Fig. 15 performs high boosting, power-tard and exhaust brake processings. 
Fig. 20 is a general block diagram of intake air controller of engine with supercharger as still another 

embodiment example of the present invention. 

Fig. 21 is a schematic sectional view for illustrating a rotary valve 56 in the engine with 
superchar-ger of Fig. 20. 

Fig. 22 is a illustrative diagram of valve-opening angle of intake valve in the engine with 
superchar-ger of Fig. 20. 

Fig. 23 is a general block diagram of intake air controller of engine with supercharger as still further 
another embodiment example of the present invention. 
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[Description of the symbols] 



1 


engine 


la 


engine 


lb 


engine 


Ic 


engine 


2 


cylinder 


3 


intake valve 


4 


exhaust valve 


8 


intake nianifold 


9 


intake air passage 


11 


exhaust air passage 


12 


intake pipe 


13 


turbocharger 


14 


compressor 


16 


exhaust pipe 


17 


turbine 


19 


actuator 


20 


air tank 


21 


first open/shut valve 


22 


second open/shut valve 


23 


third open/shut valve 


24 


control unit 


24a 


control unit 


24b 


control unit 


24c 


control unit 


26 


mechanical supercharger 


28 


crank shaft 


30 


electromagnetic clutch 


31 


rotation sensor 



32 load sensor 

33 water temperature sensor 

37 second air valve 

38 control valve 

41 slave piston 

42 thirdvalve 

43 exhaust brake 

45 power-tard controller 

54 phase changing means 

55 phase control means 

56 rotary valve 
58 rotary shaft 

60 phase changing means 

C 1 phase control means 

C2 phase control means 
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[Fig. 17] 
[Fig. 3] 



O: air pressure 

x: open to atmosphere 
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Cylinder stroke 
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[Fig. 4] 



[Fig. 5] 
[Fig. 7] 
[Fig. 8] 
[Fig. 9] 
[Fig. 10] 
[Fig. 11] 
[Fig. 12] 
[Fig. 13] 
[Fig. 14] 

(pl3) 

[Fig. 6] 

Air intake system control routine 
Incorpor^e data si 



<- Yes wt > wtl s2 No -> 



(left) 




s4 


ON/OFF of mechanical supercharger <— Ne, L 


slO 


Drive electromagnetic clutch by determination output 


sU 


Set up operating conditions of turbocharger <— Ne, L 


sl2 


Drive open/shut valves by determination output L 


sl3 


Determine valve timing mode of intake valves 


sl4 


Dnve actuator of phase changing means by detemunation output 




I 




Return 


(right) 




s3 


ON/OFF of mechanical supercharger <— Ne, L 


s5 


Drive electromagnetic clutch by determination output 


s6 


Set up operating conditions of turbocharger <— Ne, L 


s7 


Drive open/shut valves by determination output L 


s8 


Determine valve timing mode of intake valves 


s9 


Drive actuator of phase changing means by deteimination output 




i 




Return 




[Fig. 18] 




[Fig. 19] 




[Fig. 22] 
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[Fig. 15] 



[Fig. 16] 

34 



(pl5) 



[Fig. 21] 
[Fig. 20] 
[Fig. 23] 
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